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Sudden  Death  under  Light  Chloroform  Anaesthesia. 
By  ^A.  Goodman  Levy,  M.D. 


I  HAVE  already  described  on  various  occasions  [1]  [2]  the  eifect  of 
small  doses  of  adrenalin  upon  the  mammalian  heart  under  chloroform. 
When  the  heart  is  affected  by  low  concentrations  of  chloroform  it  is 
thrown  by  the  action  of  adrenalin  into  a  condition  known  as  ventricular 
Hbrillation,  but  when  affected  by  full  concentrations,  such,  for  instance, 
as  a  2  per  cent,  proportion  of  vapour  to  the  inhaled  air,  ventricular 
fibrillation  does  not  occur.  What  I  have  to  say»  to-night  is  but  the 
logical  sequence  of  this  principle. 


Experimental   Observations  on  the  Heart  affected  by 

Chloroform. 

What  is  ventricular  fibrillation  ?  Let  me  say  at  once  that  we  have 
not  at  present  a  distinct  conception  of  its  intimate  nature,  but  we  are 
aware  that  ineffectual  ventricular  contractions  succeed  one  another  at  a 
very  rapid  rate,  and  the  function  of  the  ventricles  is  entirely  abolished ; 
its  clinical  manifestation  is  therefore  a  sudden  vascular  collapse,  and 
consequent  instantaneous  death.  In  the  lower  mammals  fibrillation  is 
generally  a  permanent  condition,  but  in  exceptional  cases  spontaneous 
recovery  of  the  heart  takes  place.  In  the  human  subject  (judging  by 
the  accounts  of  syncope  resulting  from  the  injections  of  adrenalin  under 
chloroform)  recovery  from  fibrillation  is  of  not  infrequent  occurrence. 

Despite  the  opinion,  expressed  some  years  ago  by  Professor 
McWilliam,  that  it  might  be  found  to  explain  sudden  death  in  some 
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pathological  states,  this  cardiac  condition  has  been  largely  regarded  in 
the  light  of  a  physiological  curiosity  only,  and  I  am  indebted  to 
Professor  Cushny  for  the  original  suggestion  regarding  its  possible 
relation  to  certain  anomalous  blood-pressure  curves  which  I  had  sub- 
mitted to  him. 

Let  me  here  draw  attention  to  an  analogous  condition  of  the 
auricles,  but  only  to  mark  a  distinction  :  fibrillation  of  the  auricles  is 
now  a  well-recognized  clinical  entity ;  it  is  true  it  causes  a  disordered 
action  of  the  ventricles,  but  this  is  entirely  of  another  nature,  and  fully 
consistent  with  the  survival  of  the  individual. 

Ventricular  fibrillation  does  not  occur,  under  chloroform,  in  the 
course  of  the  normal  action  of  the  heart ;  it  is  invariably  preceded  by 
a  highly  irregular  and  distinctive  ventricular  action.  The  ventricles 
beat  in  response  to  impulses  arising  in  many  abnormal  foci,  none  being 
propagated  through  the  normal  channel  (that  is  the  auricular  ventricular 
bundles)  in  sequence  to  the  auricular  beat.  The  succession  of  these 
abnormal  beats,  or  extrasystoles,  is  very  rapid  ;  in  the  cat  the  rate 
is  from  270  to  330  beats  per  minute.  Although  irregular,  these  extra- 
systoles  are  co-ordinate  beats,  and  the  blood-pressure  is  fully  maintained 
during  their  incidence,  and  in  a  manometer  tracing  this  condition  is 
portrayed  as  a  succession  of  pulse  waves  which  are  smaller  than  the 
normal,  so  that  to  the  finger  the  pulse  would  feel  weak.  The  waves 
may  be  on  occasion  very  evenly  spaced,  and  then  the  pulse  would  feel 
regular,  but  frequently  the  tracing  is  highly  irregular,  and  may  be 
broken  by  short  pauses,  and  the  corresponding  pulse  waves  would  then 
be  properly  described  as  "fluttering."  This  cardiac  condition,  which 
is  technically  known  as  a  multiple  ventricular  tachycardia,  is  very 
commonly  observed  under  low  percentages  of  chloroform ;  it  may 
persist  for  a  considerable  time,  ultimately  reverting  to  a  regular  cardiac 
rhythm,  or  it  may  on  occasion,  and  on  occasion  only,  terminate  in 
ventricular  fibrillation. 

The  multiple  ventricular  tachycardia  is  a  highly  developed  mani- 
festation of  a  property  which  is  possessed  by  chloroform  of  rendering 
the  ventricles  liable  to  exhibit  premature  or  extrasystolic  contractions. 
These  extrasystoles  do  not  always  appear  in  an  unbroken  sequence  : 
they  may  be  interspaced  with  normal  beats,  or  they  may  occur  singly 
and  at  irregular  intervals,  or  more  commonly  at  rhythmic  intervals 
every  second  or  third  beat.  When  an  extrasystole  appears  every 
second  beat  it  is  termed  a  bigeminal  beat  (fig.  1),  but  it  may  not  be 
recognized  as  such  by   the   finger  ou   the   pulse,   for  the  extrasystolic 
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contraction  may  not  be  transmitted  at  all,  and  then  the  pulse-rate 
appears  to  become  halved,  or  if  imperfectly  transmitted  it  may  convey 
the  idea  of  a  dicrotic  pulse. 

Although  chloroform  renders  the  ventricles  liable  to  exhibit  these 
abnormal  contractions,  it  does  not  itself  excite  them  directly,  there 
must  be  another  and  distinct  exciting  cause.  By  taking  proper  pre- 
cautions it  is  possible  to  induce  and  maintain  chloroform  anaesthesia 
in  an  animal  such  as  a  cat  without  a  single  extrasystole  making  its 
appearance.  The  exciting  cause  of  the  extrasystole  is  some  form  of 
cardiac  stimulation. 

The  effect  of  a  cardiac  stimulation  naturally  varies  with  its  intensity, 
or  may  be  modified  by  antagonizing  agents  (such  for  instance  as 
exaggerated  vagal  action),  but  provided  the  heart  be  only  lightly 
affected  by  chloroform,  extrasystoles  will  almost  certainly  appear  as  a 


Pig.  1. 

Rhythmical  extrasystoles  occurring  under  light  chloroform  anaesthesia.  The 
tall  peaks  are  normal  heart-beats ;  the  alternate  small  peaks  represent  extra- 
systoles, and  they  are  followed  by  a  pause  indicated  in  the  tracing  by  a  drop  in 
the  blood-pressure.  The  alternating  normal  and  cxtrasystolic  contractions 
constitute  the  "bigeminal  pulse."  Hiirtle  manometer.  Time  marked  in 
seconds.     (Natural  size.) 


result,  and  if  they  appear  in  a  rapid  sequence  then  they  may  terminate 
as  ventricular  fibrillation.  If  the  heart  be  more  fully  affected  by 
chloroform  and  the  stimulation  be  intense  these  irregularities  may  still 
appear,  but  they  never  terminate  in  ventricular  fibrillation  ;  generally 
even  the  irregularities  are  suppressed.  The  controlling  influence  of 
full  anaesthetic  concentrations  of  chloroform  upon  the  heart  is  a 
fundamental  point  in  the  consideration  of  the  cause  of  death  under 
chloroform ;  it  is,  I  believe,  connected  with  the  depressing  influence 
which  chloroform  exerts  upon  the  heart,  an  influence  which,  as  is  now 
well  established,  is  manifested  in  a  progressive  fashion  as  the  strength 
of  the  vapour  is  increased. 


1 
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I  will  now  very  briefly  describe  some  of  the  more  important  forms 
of  cardiac  stimulation  which  are  liable  to  produce  a  fatal  reaction  in 
the  lightly  chloroformed  animal : — 

(1)  Stimulation  by  excitation  of  the  myoneural  junctions  of  the 
sympathetic  cardiac  nerves  (accelerator  nerves),  as  by  adrenalin.  This 
is  a  very  powerful  form  of  stimulation,  and  almost  invariably  leads  to 
ventricular  fibrillation. 

(2)  Stimulation  of  the  accelerator  nerve-fibres  by  electrical  excita- 
tion :  this  results  in  ventricular  fibrillation  in  about  two-thirds  of  the 
experiments,  the  sequence  of  events  in  positive  cases  being  almost 
precisely  similar  to  that  observed  in  the  adrenalin  experiment  (fig.  2). 
Not  only  are  the  manometer  curves  identical,  but  the  cardiographic 
tracings  in  the  two  cases  are  likewise  identical,  and  there  can  be  no 


Fig.  2. 

Excitation  of  the  cardiac  accelerator  nerves  with  a  faradic  current,  in  a  cat  under 
05  per  cent,  chloroform.  The  heart-beat  becomes  highly  irregular  and  interrupted 
by  short  pauses,  and  finally  fails  abruptly  and  permanently  in  ventricular  fibrillation. 
The  figures  above  the  curve  indicate  rates  of  heart-beat.  The  signal  mark  indicates 
the  duration  of  the  faradic  excitation.  Hiirtle  manometer.  Time  marked  in  seconds. 
(Natural  size.) 


possible  doubt  that  an  identical  process  is  involved  in  each  of  these 
reactions. 

(3)  Stimulation  by  accelerator  impulses  originating  in  the  central 
nervous  system,  such  as  may  accompany  the  subconscious  emotional 
state  of  a  struggling  animal.  This  is  a  very  usual  precursor  of 
ventricular    irregularities,   and    occasionally   of  ventricular    fibrillation 

(fig.  3). 

(4)  Stimulation  by  accelerator  impulses  originating  as  a  refiex  from 
the. excitation  of  sensory  nerves.    Experimentally,  irregularities  are  very 
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Fig.  3. 


Ventricular  fibrillation  caused  by  struggling  during  the  induction  period. 
Upper  curve  respiratory.  This  shows  a  declination  in  its  first  portion  caused 
by  a  leak  in  the  recording  apparatus.  Lower  curve  blood-pressure,  registered 
by  a  mercury  manometer.  Time  marked  in  seconds.  Anajsthesia  induced  by 
1-5  per  cent,  chloroform,  then  2  per  cent.,  then  reversion  to  1  per  cent,  when 
the  animal  began  to  struggle.  The  heart  became  very  irregular,  the  chloroform 
was  entirely  removed,  and  the  ventricles  fibrillated  a  few  seconds  later.  The 
fluctuations  in  the  blood-pressure  during  struggling  arc  mainly  mechanical,  and 
the  small  irregular  beats  arc  almost  obscured  in  the  reproduction  ;  ventricular 
fibrillation  is  indicated  by  the  abrupt  fall  of  blood-pressure.  The  final  fluctua- 
tions at  the  foot  of  the  pressure  curve  arc  caused  by  the  powerful  asphyxial 
respiratory  gasps,  which  are  delineated  in  the  respiration  curve.  The  heart  was 
inspected  immediately  on  the  cessation  of  respiration,  and  the  ventricles  were 
found  in  a  state  of  coarse  fibrillation,     (x  J.) 
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readily  induced  by  comparatively  mild  forms  of  sensory  excitation,  such 
as  cutting  the  skin,  or  more  certainly  by  cutting  or  applying  a  faradic 
current  to  nerve  trunks  containing  sensory  fibres.  As  a  relatively  rare 
event,  ventricular  fibrillation  is  a  sequence. 

(5)  Stimulation  by  release  from  depressing  or  restraining  influences, 
or  "  passive  stimulation."  This  is  well  exemplified  by  the  result  of 
section  of  the  vagi ;  the  heart  becomes  highly  irregular,  and  not  infre- 
quently the  ventricles  ultimately  fibrillate.  Entirely  analogous  to  this 
is  the  result  of  reducing  the  strength  of  the  chloroform,  or  removing 
it  altogether ;  the  heart  responds  by  gathering  force  and  frequency  of 
contraction,  and  in  consequence  it  very  usually  becomes  irregular  ;  if  it 
becomes  highly  irregular  sudden  syncope  from  ventricular  fibrillation 


Fig.  4. 

The  effect  of  abruptly  reducing  the  strength  of  chloroform  vapour  from  2  per  cent. 
to  0-5  per  cent.  I'orlions  of  the  tracing  have  been  cut  out  in  order  to  reduce  its  length  ; 
the  first  interval  represents  a  period  of  115  seconds,  the  second  interval  a  period 
of  35  seconds.  The  time-marker  indicates  seconds ;  the  spacing  of  the  time  marks 
differs  accordingly  as  the  paper  was  moving  at  a  quick  or  slow  rate.  At  the  beginning 
of  the  tracing  the  vapour  was  reduced,  the  heart-beat  then  being  regular,  blood- 
pressure  =  84  mm.  Hg.  In  the  middle  section  the  blood-pressure  has  risen  to  114  mm.  ; 
extrasystoles  now  appear  at  irregular  intervals.  In  the  third  sectiou  no  chloroform  was 
inhaled  for  the  short  space  indicated  between  the  arrows.  At  the  mark  -f  the  irregu- 
larities assume  a  more  intense  form,  that  of  a  multiple  tachycardia,  and  a  little  later 
the  ventricles  pass  into  fibrillation  and  the  blood-pressure  falls  to  zero  in  consequence. 
Hurtle  manometer.     (Natural  size.) 


may  be  observed,  sometimes  attained  with  startling  rapidity,  but  fortu- 
nately this  climax  is  an  exceptional  event  (fig.  4).  This  effect  may  be 
observed  in  the  earliest  stages  of  the  administration,  but  it  has  been 
frequently  observed  also  in  cats  after  removing  the  chloroform  on  the 
completion  of   an    operation,  particularly   when  excitement  occurs   on 
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recovery,  occasionally  when  the  animal  is  perfectly  quiescent.  The 
animal  is  particularly  liable  to  die  in  this  way  after  a  short  adminis- 
tration, or  after  a  more  prolonged  operation  under  restricted  doses  of 
chloroform ;  it  may  then  occur  within  a  minute  or  two  or  may  be 
deferred  so  long  as  fifteen  minutes. 

(6)  Stimulation  by  re-application  of  the  vapour  after  an  inter- 
mission, or  in  the  course  of  a  very  light  administration. 

The  source  of  the  cardiac  stimulation  affected  in  this  way  is  complex. 
In  the  first  place,  a  sensori-sympathic  reflex  originates  as  a  result  of  the 
pungency    of  the   chloroform  vapour,  and    it    is   noteworthy  that   the 


Fig.  5. 

The  effect  of  suddenly  administering  strong  chloroform  vapour  to  a  cat  which  was 
under  the  influence  of  chloroform  but  not  inhaling  any  at  the  moment  of  re-application  ; 
5  mg.  of  atropine  sulphate  had  been  injected  in  the  earlier  stages  of  the  experiment. 
The  heart  is  at  first  beating  in  "  trigeminy  " — i.e.,  every  third  beat  is  an  extrasystole  ; 
the  irregular  beat  is  not  transmitted,  and  is  identified  by  its  following  pause  and  con- 
sequent  fall  of  blood-pressure.  On  re-applying  the  chloroform  (at  the  first  signal  mark) 
the  blood-pressure  rises  considerably.  In  twenty-five  seconds  the  beat  becomes  rapid 
and  very  irregular,  and  finally  the  ventricles  fibrillate  for  a  period  of  about  four  seconds, 
when  recovery  ensues.     Time  marked  in  seconds.     Hiirtle  manometer.     (  x  J.) 


stronger  vapours  are  the  more  active  when  employed  in  this  connexion, 
although  ordinary  anaesthetic  strengths  .such  as  2  per  cent,  or  under 
may  produce  a  like  result.  In  a  normal  animal,  so  far  as  I  have 
observed,  ventricular  fibrillation  is  a  sequence  of  re-application  only 
when  it  is  performed  in  the  course  of  an  already  existing  irregular 
tachycardia  induced  from  some  other  cause,  such  as  struggling  or  a 
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reduced  strength  of  vapour ;  otherwise  evidence  of  a  sympathetic  reflex 
is  best  demonstrated  in  animals  under  the  influence  of  sufficient  atro- 
pine to  a  co-existent  counteract  vagal  reflex.  In  fig.  5  it  is  seen  that 
the  first  effect  of  re-application  is  a  rise  of  blood-pressure  due  to  a  reflex 
vaso-constrictor  action,  and  this  is  coupled  doubtless  with  a  reflex 
sympathetic  stimulation  of  both  the  heart  and  suprarenal  glands  (tride 
infra).  In  part,  but  in  part  only,  the  vaso-constriction  must  be 
attributed  to  the  initial  stimulant  action  of  chloroform  upon  the  nerve 
centres,  an  action  which  was  demonstrated  by  Gaskell  and  Shore,  and 
an  additional  interest  is  attached  to  their  observations  in  that  they  serve 
to  illustrate  that  the  initial  effect  of  chloroform,  before  it  becomes 
depressant,  is  that  of  a  protoplasmic  stimulant.'  This  initial  stimulant 
action  of  chloroform  is  not  confined  to  the  nerve  centres,  it  is  likewise 
exerted  directly  upon  the  heart  muscle,  and  constitutes  an  additional 
source  of  cardiac  stimulation.  This  triple  attack  upon  the  lightly 
chloroformed  heart  (through  accelerator  action,  increased  adrenal 
secretion,  and  direct  stimulation)  may  result  in  syncope  from  ventri- 
cular fibrillation  before  the  chloroform  has  acted  sufliciently  long  to 
depress  the  ventricles,  and  death  may  result  within  a  few  seconds  of 
re-application  or  sometimes  almost  instantaneously  thereafter. 

There  is  a  highly  interesting  adjuvant  source  of  stimulation  arising 
in  the  course  of  emotional  disturbances  and  of  sensory  excitations. 
Eecent  researches  have  thrown  new  light  upon  the  secretion  of 
adrenalin  in  response  to  nervous  impulses.  The  suprarenal  bodies 
receive  their  innervation  through  the  sympathetic  system,  and  it  has 
been  demonstrated  that  in  emotional  states  adrenalin  is  present  in 
increased  quantities  in  the  blood,  and  that  the  secretion  of  adrenalin 
is  increased  likewise  as  a  sensory  reflex.  I  have  shown  by  experi- 
ment that  the  reflex  secretion  of  adrenalin  alone  may  on  occasion 
even  be  sufficient  to  set  the  ventricles  in  fibrillation,  but  the  purely 
nervous  mechanism — i.e.,  stimulation  of  the  heart  through  the  accele- 
rator nerves — is  by  itself  perfectly  efficient  to  produce  fibrillation,  and 
the  adrenalin  factor,  when  it  occurs,  must  be  regarded  generally  as 
in  the  light  of  an  accessory  action. 

These  observations  may  be  summarized — thus  :  Death  from  ventri- 
cular fibrillation  under  chloroform  may  be  observed  under  any  of  the 
following  and  applied  clinical  conditions  : — 

'  Hamburger's  recent  researches  in  connexion  with  phagocytosis  incidentally  afford  a 
gtMing  corroboration  of  this  property  of  chloroform. 
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{A)  During  the  induction  and  early  stages  of  the  administration 
of  chloroform,  and  exceptionally  later  in  the  administration  :  (i)  during 
struggles  and  excitement ;  (ii)  on  removal  of  the  chloroform  ;  (iii)  on 
abrupt  re-administration  of  chloroform  after  removal,  or  its  sudden 
increase  during  a  period  of  very  light  anspsthesia  ;  (iv)  by  any 
combination  of  these  occurrences. 

(B)  During  operation.  By  strong  sensory  stimuli  under  light  anaes- 
thesia. 

(C)  After  operation.  On  removal  of  the  chloroform,  specially  after 
a  short  operation. 

As  regards  ether.  I  have  never  observed  death  by  ventricular 
fibrillation  in  cats  under  ether  through  any  of  the  procedures  indi- 
cated above ;  even  very  large  doses  of  adrenalin  have  failed  to  produce 
this  effect.  Ether,  however,  is  in  no  way  protective  against  ventri- 
cular fibrillation,  and  there  is  no  reason  to  believe  that  anaesthetic 
mixtures  of  ether  and  chloroform  or  indeed  of  any  mixture  containing 
chloroform  are  in  any  way  exempt  from  the  fatalities  connected  with 
the  administration  of  pure  chloroform. 

The  Clinical  Manifestations  op  Ventricular  Fibrillation. 

The  respiratory  phenomena  following  ventricular  fibrillation  are 
simple  and  distinctive.  The  respiratory  centre  is  at  first  excited  by  the 
sudden  anaemia,  and  subsequently  fails  from  the  same  cause;  a  few 
exaggerated  respirations  therefore  follow  the  sudden  cardiac  syncope, 
and  then  the  breathing  ceases  entirely.  There  is  a  persistent  tendency 
towards  recovery  of  the  respiration,  often  continuing  long  after  the 
heart  has  ceased  to  beat,  and  should  the  latter  recover  the  breathing  is 
immediately  resumed.  A  secondary  cardiac  syncope,  with  its  attendant 
gaping  respiration,  may  supervene  on  a  temporary  recovery,  and  thus 
there  arises  occasionally  some  confusion  in  the  clinical  interpretations 
of  the  true  order  of  events.  Sudden  anaemia  likewise  excites  the  spinal 
motor  nerve  centres  of  the  skeletal  muscles  ;  some  evidence  of  muscular 
convulsions  is  therefore  generally  observed,  and  in  very  lightly 
anaesthetized  subjects  these  may  be  a  pronounced  feature  of  death  by 
ventricular  fibrillation;  the  "epileptiform  fit,"  which  has  been  in  some 
cases  described  as  preceding  death,  is  probably  an  asphyxial  convulsion 
succeeding  syncope. 

There  is  one  symptom  which  may  be  observed  in  man  and  which 
cannot  be  observed  in  the  cat,  and  that  is  sudden  and  intense  pallor ; 
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this  is  associated  with  another  striking  symptom — i.e.,  sudden  and 
extreme  dilatation  of  the  pupils.  The  performance  of  artificial  respira- 
tion may  restore  a  pink  tinge  of  colour  to  the  face  by  setting  up  a 
slight  mechanical  circulation,  but  this  is  of  course  deceptive  as  regards 
the  function  of  the  heart,  which  is  still  entirely  in  abeyance. 


The  Conditions  of  Anaesthesia  which  peecede  Death  in  the 

Human  Subject. 

I  have  now  given  you  a  fairly  complete  account  of  death  from 
ventricular  fibrillation ;  it  is  a  condensed  account,  but  I  trust  a 
sufficiently  clear  one.  The  question  now  arises,  what  proportion  of 
deaths  occurring  in  the  human  subject  may  be  attributed  to  ventricular 
fibrillation  ? 

An  essential  part  of  my  theory  is  the  fact  that  deaths  by  ventricular 
fibrillation  occur  only  in  the  lightly  anaesthetized  subject,  and  it  hence 
stands  in  clear  contrast  with  the  accepted  explanation  of  death  under 
chloroform — i.e.,  by  over-dosage.  The  symptoms  of  over-dosage  are 
familiar  :  The  respirations  and  the  pulse  become  progressively  more 
feeble  ;  the  respii;atory  functions  are  generally  the  first  to  fail,  and 
according  to  some  authorities  invariably  the  first.  A  form  of  death  is 
likewise  described  by  Embley  limited  to  the  period  of  the  induction  of 
anaesthesia,  the  heart  being  suddenly  arrested  by  vagal  impulses  arising 
in  the  medulla  as  a  result  of  the  direct  action  of  chloroform  ;  this,  like- 
wise, is  an  over-dose  effect,  and  is  only  produced  in  normal — i.e., 
non-morphinized — animals  by  the  persistent  administration  of  a  very 
strong  vapour. 

The  subject  of  death  by  over-dosage  is  long,  complicated,  and 
not  fully  investigated;  let  it  suffice  for  the  moment  to  admit  that  the 
over-dosed  subject,  with  circulation  and  respiration  strongly  depressed, 
may  be  in  a  critical  condition. 

These  two  rival  theories,  under-dose  v.  over-dose,  may  be  fairly 
submitted  to  the  arbitration  of  clinical  experience,  and  this  test  I  shall 
now  proceed  to  apply  in  the  form  of  a  collection  of  reports  of  fatalities 
under  chloroform.  In  considering  these  reports  I  would  ask  you  to 
bear  in  mind  that  a  patient  cannot  be  made  to  pass,  even  by  extreme 
measures,  from  a  state  of  light  ana'sthesia  into  one  of  profoimd  narcosis 
or  over-dose  in  a  few  seconds ;  in  effect,  a  patient  cannot  be  struggling 
at  one  moment  and  profoundly  anajsthetized  the  next. 
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I  would  also  ask  you  to  consider  the  following  point :  A  certain 
quantity  of  chloroform  must  be  employed,  and  a  certain  dose  pro- 
portionate to  the  body-mass  must  be  introduced  into  the  body,  in  order 
to  produce  symptoms  of  over-dosage.  The  importance  of  regulating  the 
strength  of  vapour  has  been  so  strongly  insisted  upon  that  one  is  likely  to 
lose  sight  of  the  above  fact.  Snow  calculated  that  38  minims  of  chloro- 
form retained  in  the  body  of  an  average  adult  would  cause  cessation  of 
the  respiration,  but  Snow  only  took  the  fluids  of  the  body  into  account, 
and  did  not  consider  absorption  by  the  solid  tissues ;  further,  his  data 
regarding  the  solubility  of  chloroform  in  blood,  as  we  now  know,  were 
not  precise.  Snow's  estimate  is  at  the  present  time  considered  too  low, 
and  it  is  probable  that  about  twice  the  quantity — i.e.,  76  minims — would 
be  a  more  correct  calculation.  When  chloroform  is  inhaled  from  an 
open  mask  not  more  than  half  of  it  passes  into  the  lungs  as  vapour,  the 
remainder  being  dissipated  into  the  air,  and  of  the  portion  inhaled  not 
more  than  half  passes  into  the  blood,  the  remainder  being  exhaled,  so 
that  we  may  .say  that  about  one-quarter  of  the  chloroform  put  on  an 
open  mask  may  be  absorbed,  provided  the  conditions  are  such  as  entail 
a  fairly  rapid  rate  of  evaporation.  In  the  case  of  a  closed  inhaler  the 
whole  of  the  vapour  is  inhaled,  and  possibly  half  the  chloroform  put 
into  it  may  be  absorbed  under  similar  conditions.  We  may  take  it, 
thei'efore,  that  not  less  than  2  dr.  of  chloroform  in  an  inhaler,  or  4  dr. 
in  an  open  mask,  administered  in  a  full  concentration,  are  essential 
to  produce  respiratory  failure  in  an  average  adult.  In  many  of  the 
following  cases  the  amount  of  chloroform  employed  was  evidently 
carefully  measured,  and  details  such  as  these  afford  assistance  in  form- 
ing a  judgment  regarding  the  degree  of  narcosis  involved.  All  cases  in 
which  not  more  than  1  dr.  was  used  by  open  method  or  inhaler,  have 
therefore  been  excluded  from  the  category  of  death  from  over-dosage. 

The  collection  of  cases  which  I  shall  submit  to  analysis  is  that 
found  in  the  Report  of  the  Anaesthetics  Committee  of  the  Eoyal 
Medical  and  Chirurgical  Society,  and  issued  in  1864.'  In  this  report 
109  cases  of  fatalities  are  briefly  summarized  and  commented  upon. 
In  many  cases,  but  not  in  all,  the  original  references  are  available,  and 
from  these  I  have  in  several  instances  obtained  important  supple- 
mentary information.  I  have  found  it  necessary  to  exclude  11  of  these 
cases  as  they  are  absolutely  lacking  in  detail ;  the  numerical  references  to 
these  excluded  cases  are  given  in  the  appended  table,  as  are  likewise 

I  Med.-Chir.  Trans.  1864,  xlvii,  pp.  32.3-442. 
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those  of  all  the  remaining  cases,  under  separate  headings.  Thus  there 
remain  98  cases  to  be  dealt  with,  and  the  percentages  mentioned  are 
expressions  of  a  proportion  to  this  total  of  98.  No  less  than  47 
(or  48  per  cent.)  are  described  by  the  Committee  as  lightly  anaesthetized 
at  the  time  of  death  ;  the  terms  employed  are  "  incomplete  anaesthesia," 
"commencing  to  inhale,"  "stage  of  excitement,"  "not  fully  under," 
&c.,  and  in  one  case  "under  the  influence  of  chloroform."  I  give  the 
reference  numbers  of  these  cases,  but  they  require  no  further  comment, 
they  speak  for  themselves.  The  remaining  cases  are  for  the  most  part 
described  as  fully  under,  or  else  no  specific  comment  is  made.  In  14  of 
these  cases  I  find  definite  evidence  that  the  patients  were  only  lightly 
anaesthetized  at  the  moment  of  death,  and  1  have  inserted  in  the  table 
very  brief  abstracts  of  these  reports  in  support  of  my  contention.  Thus 
in  02  per  cent,  of  the  cases  it  is  demonstrated  that  the  patients  died 
under  light  anaesthesia.  In  24  other'  cases,  although  no  definite 
symptoms  of  light  anaesthesia  are  described,  it  is  possible  to  exclude 
over-dose  as  a  cause  of  death.  These  cases  are  likewise  briefly 
abstracted  ;  it  will  be  noted  that  in  the  majority  of  instances  the  chloro- 
form had  been  entirely  removed  when  death  occurred,  and  there  can  be 
no  stronger  reason  than  this  for  excluding  the  possibility  of  death  from 
over-dosage.  It  thus  appears  that  in  87  per  cent,  of  the  cases  death  was 
not  caused  by  an  over-dose.  In  six  other  cases  the  evidence  is  not  so 
definite,  but  I  consider  that  death  by  over-dose  is  improbable ;  I  cannot 
support  this  contention  in  a  brief  abstract,  for  the  original  reports  must 
be  carefully  considered.  Thus  in  92  per  cent,  death  by  over-dose  could 
either  be  excluded  or  was  improbable.  I  do  not  venture  to  express  an 
opinion  upon  the  details  available  of  the  remaining  seven  cases.  There 
is  a  strong  suspicion  of  under-dosage  in  several,  in  some  of  the  others 
there  appears  to  be  a  possibility  of  death  from  over-dosage,  but  in  not  a 
single  instance  out  of  the  whole  98  cases  is  there  any  definite  evidence 
that  the  patient  died  from  over-dosage. 

You  cannot,  I  am  sure,  fail  to  be  impressed  with  the  fact  that  some 
87  per  cent,  of  deaths  are  not  caused  by  over-dosage,  and  therefore  can 
be  accounted  for  by  no  other  theory  than  that  of  fibrillation  of  the 
ventricles ;  I  believe  the  actual  facts  are  even  more  impressive  than 
this,  and  that  of  the  remaining  13  per  cent,  a  large  majority  must  be 
included  in  the  same  category ;  a  few  of  them  may  be  due  to  accidental 
causes,  but  there  is  little  or  no  direct  clinical  evidence  to  show  that  any 
deaths  are  due  to  over-dosage. 
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The  Mode  of  Death  in  Chloroform  Syncope. 

We  may  now  consider  the  mode  of  death  in  these  cases.  It  will 
perhaps  carry  more  conviction  to  your  minds  if  I  quote  the  words 
of  Snow,  in  commenting  upon  a  number  of  cases  collected  by  himself, 
all  of  which  are  included  in  this  report.  He  says :  ^  "In  all  cases 
in  which  the  symptoms  which  occurred  at  the  time  of  death  are 
reported,  there  is  every  reason  to  conclude,  as  shown  above,  that  death 
took  place  by  cardiac  syncope,  or  arrest  of  the  action  of  the  heart.  In 
forty  of  these  cases  the  symptoms  of  danger  appeared  to  rise  entirely 
from  cardiac  syncope,  and  were  not  complicated  by  the  over-action  of 
the  chloroform  on  the  brain.  It  was  only  in  four  cases  that  the  breath- 
ing appeared  to  be  embarrassed  and  arrested  by  the  effect  of  the  chloro- 
form on  the  brain  and  medulla  oblongata,  at  the  time  when  the  action 
of  the  heart  was  arrested  by  it,  and  only  in  one  of  these  cases  (No.  42*^ 
that  the  breathing  was  distinctly  arrested  by  the  effect  of  the  chloro- 
form, a  few  seconds  before  that  agent  also  arrested  the  action  of  the 
heart." 

These  are  Snow's  words.  The  theoretical  conclusions  he  arrives  at 
are  not  material  to  the  question  under  consideration  ;  I  have  dealt  with 
them  elsewhere,  but  I  would  point  out  that  the  remaining  cases  in  the 
list  might  be  summarized  in  almost  precisely  similar  words,  for  death  is 
clearly  described  in  the  great  majority  of  cases  as  occurring  by  primary 
cardiac  syncope.  This  mode  of  death  conforms  with  my  theory  of 
death  by  ventricular  fibrillation,  and  all  the  clinical  symptoms  and 
manifestations  of  this  form  of  syncope  are  very  fully  illustrated  in 
many  of  the  reports.  Furthermore,  you  will  find  in  these  reports 
ample  illustration  of  the  various  modes  of  the  production  of  ventri- 
cular fibrillation  which  I  have  described  as  occurring  in  animals.  It 
is  to  the  original  reports  themselves  that  I  must  refer  you  for  con- 
firmation of  this  statement,  for  I  have  been  unable  to  emphasize  these 
points  in  my  brief  tabular  summary  of  the  cases. 


'  Snow  "  On  AnseBthetics,"  1858,  p.  217. 

^  No.  50  iu  Royal  Medical  and  Chirurgical  Society's  list. 
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Peactical  Considerations. 

It  must  now  be  admitted  in  view  of  the  foregoing  experimental 
and  clinical  evidence  that  the  subject  of  light  chloroform  anspsthesia 
requires  very  serious  attention,  and  that  appropriate  precautions  should 
be  adopted.  Fortunately  these  are  very  simple  ;  the  first  principles  are 
to  keep  the  patient  fiilly  anaesthetized  and  to  make  the  administration 
continuous.  I  do  not  in  any  way  advocate  an  excessive  administration, 
for  profound  narcosis  is  uncalled  for  except  by  the  exigencies  of  some 
special  operations  only  ;    it  can  and  should  be  avoided. 

In  the  induction  stage  the  administration  should  not  only  be  con- 
tinuous but  should  also  be  progressive ;  the  strength  of  vapour  should 
be  increased  as  rapidly  as  is  possible  without  distressing  the  patient, 
for  it  is  well  to  bring  the  patient  under  the  full  influence  of  chloroform 
as  quickly  as  is  practicable.  Sufficient  vapour  should  always  be  avail- 
able ;  to  speak  in  percentage  terms,^  a  vapour  of  3'5  to  4  per  cent, 
strength  may  be  required  for  exceptional  and  insusceptible  cases,  for 
such  insusceptible  cases  always  present  elements  of  danger  from 
imperfect  aniesthesia.  In  my  opinion  and  experience  a  4  per  cent, 
vapour  strength  may  be  used  with  impunity  when  attained  in  progres- 
sive stages,  but  it  should  not  be  used  for  long,  and  it  should  not  be 
used  unless  necessary.  For  some  cases  a  2  per  cent,  vapour  is  suffi- 
cient, but  these  cases  are  in  a  minority  [6].  Should  the  patient  become 
excited  or  struggle  during  the  induction,  the  administration  should 
never,  on  any  account,  be  remitted,  as  is  at  present  the  practice  and 
teaching. 

There  is  one  practical  detail  which  I  believe  is  important,  and  that 
is  to  keep  the  patient  entirely  undisturbed  until  fully  under  the  anaes- 
thetic. It  is  too  frequent  a  practice  to  attempt  to  save  time  by 
scrubbing  or  shaving  the  skin  during  the  period  of  induction ;  this 
may  produce  excitement,  and,  therefore,  even  the  bandages  should  be 
left  undisturbed  until  consciousness  is  absolutely  abolished. 

The  skin  incision  and  the  earliest  stages  of  the  operation  should  be 
performed  under  a  full  degree  of  anaesthesia,  with  the  pupils  slightly 
dilated  and  with  a  faint  corneal  reflex  only.  The  strength  of  the 
vapour  may  be  diminished  as  the  operation  proceeds,  for  a  lower  per- 

'  These  percentage  terms  will  be  more  readily  appreciated  by  those  who  have  employed 
percentage  inhalers.  I  may  add  that  it  is  difficult  to  obtain  so  much  as  i  per  cent,  of  vapour 
(rofn  an  ordinary  "  open  "  mask— i.e.,  a  mask  which  is  not  in  coptact  with  the  face. 
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centage  suffices  to  maintain  a  sufficient  depth  of  narcosis,  but  all 
severe  operative  procedures  should  be  anticipated  by  a  more  liberal 
administration. 

These  new  facts  which  I  have  presented  almost  appear  to  reopen  the 
old  and  oft  debated  question — whether  to  watch  the  pulse  or  the  respira- 
tion. There  can  be  no  doubt  that  both  pulse  and  respiration  should 
receive  attention,  and  the  respiration  the  greater  share.  No  process  of 
inhalation  can  be  successful  without  a  properly  maintained  respiratory 
process,  and  further,  weakening  of  the  respirations  remains  the  most 
important  sign  of  impending  excessive  dosage.  The  pulse  should 
unquestionably  be  kept  under  observation  likewise,  for  any  of  the 
abnormalities  of  the  heart-beat  to  which  I  have  already  referred  may 
provide  danger  signals  of  important  significance  ;  at  the  same  time  you 
cannot  rely  on  the  pulse  as  a  guide  to  under-dosage,  as  you  can  on  the 
respiration  as  a  guide  to  over-dosage ;  for  an  irregular  pulse  may  be 
followed  by  ventricular  fibrillation  with  startling  rapidity,  and  the  time 
all  too  short  to  adopt  remedial  measures. 

I  feel  constrained  to  touch  upon  a  certain  condition  which  is  not  un- 
common and  which  is  dangerous.  The  patient  is  not  over-dosed,  a  fair 
corneal  reflex  is  present,  the  pupils  are  somewhat  dilated,  the  skin  pale 
and  sweating ;  the  pulse  is  rapid  and  small.  This  condition  is  the  result 
of  sympathetic  reflexes  from  sensory  stimuli ;  it  is  generally  regarded 
as  one  of  shock,  but  it  is  not  so  in  the  proper  sense  of  the  word,  for 
the  blood-pressure  may  be  well  sustained.  Should  the  anaesthetic  be 
remitted  during  this  condition  a  disaster  might  very  well  occur  ;  the 
interests  of  the  patient  would  be  best  considered  by  stopping  the 
operation  for  a  little  while  and  putting  him  more  deeply  under  the 
anaesthetic  before  proceeding  further. 

Narcosis  should  be  properly  maintained  up  to  the  last  stages  of  the 
operation ;  and  after  short  operations  even  during  the  final  bandaging- 
Never  try  to  rouse  the  patient,  but  when  everything  is  completed  get 
him  put  back  to  bed  with  as  little  disturbance  as  possible.  For  short 
operations  chloroform^  should  be  very  fully  administered,  for  cardiac 
syncope  may  occur  during  the  rapid  recovery  which  follows  a  brief  and 
light  administration  of  chloroform.  In  the  case  of  childrenithe  danger 
is  probably  less,  for  they  do  not  appear  to  be  so  subject  to  this  form  of 
syncope  as  are  adults,  but  it  is  weH  even  in  their  case  to  ensure  very 
full  anaesthesia  before  discontinuing  the  administration. 

To  attain  a  continuous  administration  a  methodical  procedure  is 
obviously    desirable ;    probably    the   nature  of    thq  method   is   not   so 
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important  as  the  employment  of  some  method,  whether  by  inhaler  or 
otherwise.  Every  expert  anaesthetist  has  doubtless  by  dint  of  experience 
developed  his  own  method,  but  the  uninitiated  may  find  some  hints  on 
methodical  procedui-e  with  the  simplest  appliances  in  a  former  paper 
which  I  have  published  appertaining  to  the  physical  conditions  of  the 
evaporation  of  chloroform  [5].  I  have  found  it  possible  not  only  to 
develop  methods  with  simple  appliances,  but  what  is  more  important,  to 
make  them  teachable  to  students. 

It  is  not  every  error  of  administration  that  is  penalized  by  death  of 
the  patient,  as  you  wiU  have  gathered  from  my  experiments  on  animals, 
and  it  is  a  fortunate  circumstance  that  men  are  not  so  liable  to  ven- 
tricular fibrillation  as  are  cats ;  but  a  repetition  of  errors  of  the  kind  I 
have  mentioned  in  detail  will  inevitably  exact  its  toll  of  fatalities. 

I  have  entered  into  the  particulars  in  some  detail ;  they  are  perhaps 
a  counsel  of  perfection,  for  the  essential  points  are  merely  full  and 
continuous  anassthesia.  The  first  of  these  points  was  insisted  on  by 
Syme  in  the  old  Edinburgh  days  and  practised  with  undoubted  success ; 
the  second  is  no  less  important.  There  is  no  doubt  that  under  Syme's 
instructions  his  patients  were  fully  anaesthetized,  and  according  to  Lister 
he  never  had  a  death  from  chloroform  to  the  end  of  his  career.  This 
fact  not  only  supports  my  views  in  regard  to  the  danger  of  light 
anaesthesia,  but  it  likewise  confirms  my  contention  that  there  is  very 
little  if  any  real  danger  of  death  by  over-dosage  in  the  hands  of  fairly 
competent  administrators,  and  it  must  be  remembered  in  this  connexion 
that  Syme's  anaesthetics  were  given  by  his  house  surgeons,  and  not  by 
specially  trained  anaesthetists  ;  in  fact,  although  some  degree  of  over- 
dosage is  a  common  enough  event  in  practice,  I  do  not  think  any 
qualified  anaesthetist  is  likely  to  push  the  process  to  such  an  extreme 
degree  that  the  vital  functions  become  extinguished  beyond  all  hope  of 
resuscitation. 

It  is  now  obvious  that  the  present-day  teaching,  that  safety  lies  in 
the  attenuation  of  vapour  percentages,  must  be  permanently  abandoned, 
but  there  is  no  reason  for  a  violent  reaction,  leadipg  to  the  adoption  of 
the  extreme  opposite  practice.  Excessive  dosage  is  of  course  undesir- 
able in  every  way,  apart  from  the  immediate  question  of  danger  to  life, 
and  it  may  be  avoided  most  readily  by  the  same  practice  which  I  have 
already  advocated  as  tending  in  part  to  avoid  death  by  ventricular 
fibrillation — i.e.,  by  a  methodically  controlled  and  continuous  adminis- 
tration of  vapour ;  in  other  words,  by  maintaining  a  steady  level  of 
anaesthesia,  so  far  as  the  exigencies  of  the  operation  will  allow. 
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What  are  the  proper  methods  of  resuscitation  to  adopt  when 
ventricular  fibrillation  is  established  ?  The  only  remedy  I  have  to 
suggest  is  massage  of  the  ventricles.  It  is  not  advisable  to  attempt 
this  at  once,  for  the  heart  may  recover  spontaneously  ;  two  minutes' 
grace  is  all  I  would  advise.  During  this  interval  I  would  continue  to 
keep  the  lungs  well  charged  with  vapour  by  artificial  respiration  in 
anticipation  of  a  tendency  to  relapse  after  recovery.  At  the  end  of  two 
minutes,  if  there  is  still  no  indication  of  cardiac  action,  open  the 
abdomen,  and  with  the  hand  compress  the  ventricles  between  the 
diaphragm  and  the  chest  forcibly  and  rhythmically.  Artificial  respira- 
tion should  be  maintained  meanwhile,  so  that  the  heart  may  not  die 
from  asphyxia,  for  a  measure  of  circulation  is  maintained  by  the 
cardiac  compression.  Undoubtedly  direct  digital  compression  of  the 
ventricles  would  be  the  best  measure  to  adopt  to  restore  the  heart's 
functions ;  it  is  generally  successful  in  animals  after  a  time,  but  it  could 
only  be  attempted  in  the  human  subject  if  proper  means  were  avail- 
able for  insufflating  the  lungs  after  opening  the  thorax ;  whether  such 
an  extreme  measure  would  result  in  permanent  recovery  of  the  human 
patient  can  only  be  told  from  actual  experience. 

I  may  here  introduce  a  few  words  regarding  the  much  discussed 
relation  of  asphyxia  to  sudden  death.  I  investigated  this  subject 
experimentally  some  time  ago,  and  was  then  quite  unable  to  confirm 
any  relationship,  short  of  complete  suffocation  [7].  I  did,  however, 
describe  an  irregular  action  of  the  heart  which  is  frequently  noted 
in  asphyxia  under  chloroform ;  these  asphyxial  irregularities  are  iden- 
tical with  the  chloroform  irregularities  described  in  this  paper,  and  at 
least  one  source  of  cardiac  excitation  has  been  demonstrated  to  arise  as 
the  result  of  asphyxia — viz.,  an  increased  output  of  adrenalin.  The  action 
of  asphyxia  is,  however,  complex,  for  cardiac  anoxaemia  is  a  condition 
which  very  distinctly  protects  against  ventricular  fibrillation  by  depress- 
ing the  heart,  very  much  as  full  chloroform  anaesthesia  does ;  but  the 
irregularities  induced  by  asphyxia  under  light  chloroform  anaesthesia 
may,  as  an  exceedingly  rare  event,  proceed  to  actual  fibrillation,  as  I 
have  indeed  now  observed  in  a  single  and  non-fatal  instance.  Danger 
is  more  likely  to  arise  in  practice  if  the  chloroform  be  withdrawn  after 
the  airway  has  been  cleared,  and  the  patient  is  recovering  from  pro- 
found asphyxia.  That  the  danger  of  asphyxia  under  chloroform  has 
been  greatly  exaggerated  is  evident  from  a  consideration  of  the  Medico- 
Chirurgical  Report,  for  in  four  cases  only  is  there  any  reference  to 
a  dusky    complexion    preceding    death ;    in  each  case  there  was  other 
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sufficient  •  reason  for  death  occurring,  and  it  is  an  open  question,  on 
clinical  evidence  alone,  whether  the  asphyxia  had  any  relation  in  this 
respect. 

A  word  of  warning  in  regard  to  the  use  of  atropine.  This  throws 
the  vagi  out  of  action,  and  no  doubt  favours  ventricular  fibrillation 
under  light  anaesthesia ;  in  fact,  it  will  frequently  cause  death  under 
such  conditions  when  injected  into  a  vein  in  animals.  When  very  deep 
anaesthesia  is  required  it  is  probable  that  atropine  sustains  the  heart's 
action,  and  it  should  only  be  employed  under  such  circumstances,  other- 
wise I  regard  its  use  as  inadvisable. 

As  a  final  point  of  clinical  interest  I  may  tell  you  that  the  drugs 
known  as  epinine  and  tyramine  act  precisely  like  adrenalin,  but  I 
cannot  find  any  definite  objection  to  the  use  of  pituitary  extract  for  the 
treatment  of  shock  under  chloroform ;  this  substance  is  a  cardiac  stimu- 
lant to  a  slight  degree,  and  should,  therefore,  be  used  with  some  caution, 
but  I  have  not  succeeded  in  causing  death  in  cats  by  its  agency. 

In  conclusion,  I  may  quote  the  statistics  of  the  Registrar-General's 
Reports  to  reinforce  my  position.  The  number  of  deaths  under  chloro- 
form and  mixtures  containing  chloroform  vary  from  83  to  90  per  cent, 
of  the  annual  total  of  deaths  under  anaesthetics,  and  the  latter  may 
therefore  be  taken  as  a  rough  measure  of  the  deaths  under  chloroform.^ 
In  1900  the  recorded  deaths  under  chloroform  were  116,  and  they  have 
been  increasing  ever  since  until  in  1910  they  doubled  their  number, 
reaching  a  total  of  234.  In  1911  a  more  accurate  method  of  regis- 
tration was  adopted,  and  the  total  rose  to  276.  No  doubt  the  increase 
is  partly  accounted  for  by  the  increase  in  the  number  of  operations 
performed  in  recent  years,  but  on  the  other  hand,  it  should  be  borne 
in  mind  that  there  has  been  a  great  tendency  to  displace  chloroform  by 
other  anaesthetics,  and  at  least  it  is  abundantly  evident  that  the  insistent 
teaching  of  recent  years,  tending  to  the  extreme  attenuation  of  chloro- 
form vapour,  has  done  nothing  to  reduce  the  number  of  fatalities ;  in 
my  opinion  it  has  been  largely  responsible  for  their  perpetuation  and 
increase. 

I  put  my  views  forward  in  entire  confidence  that  they  are  the 
correct  views  to  adopt,  and  that  they  will  prove  of  substantial  benefit 
to  humanity.  Nevertheless  I  recognize  that  they  may  be  modified  as 
the  result  of  clinical  observation,  and  I  venture  to  trust,  that  bearing 
this  in  mind,  every  administrator  of  anaesthetics  who  may  observe  a 

'  It  is  not  possible  to  calculate  the  exact  percentage  in  any  one  year  owing  to  a  lack  of 
sufiicient  details. 
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death  under  chloroform  will  adopt  some  means  of  putting  the  fullest 
possible  report  of  it  on  record. 

It  has  been  possible,  within  the  scope  of  this  paper,  to  present 
the  subject  in  brief  outline  only  ;  my  researches  into  the  cause  of 
sudden  death  under  chloroform  have  formed  the  subject  of  a  number 
of  papers  [2],  [3],  [4]),  and  I  must  refer  you  to  these  for  the  more 
precise  experimental  details,  and  equally  for  a  reference  to  the  names 
of  the  many  investigators  whose  works  have  contributed  an  important 
share  in  the  solution  of  this  complex  problem. 


Analysis  op  109  Cases  op  Deaths  under  Chlorofobm,  collected  by  the  Chlorofobm 

COMKITTEB  OP  THE   ROYAL   MEDICAL  AND   ChIEUEGICAL   SOCIETY,    PUBLISHED   IN   1864. 


Cases  excluded  on 
account  of  a  com- 
plete lack  of  detail 

Cases  described  by 
the  Committee  a^ 
not  fully  anaes- 
thetized 

Cases  showing  defi- 
nite evidence  of 
light  anaesthesia, 
but  not  so  de- 
scribed by  the 
Committee 


Total  11     ...     Nos.  6,  9,  15,  23,  60,  65,  67,  77,  89,  91,  109. 


Total  47  ...  Nos.  1,  3,  4,  5,  7,  8,  11,  13,  IG,  17,  20,  22,  24,  28,  30, 
33,  34,  38,  40,  45,  46,  49,  52,  53,  54,  55,  56,  59, 
61,  62,  63,  66,  69,  72,  73,  74,  83,  84,  90,  92,  93, 
100,  101,  102,  103,  107,  108. 

No.  2.  Inhalation  one  minute  only ;  chloroform  re- 
moved during  the  operation  (teeth  extraction); 
groaned  during  the  operation. 

,,  14.  Chloroform  removed,  toe-nail  evulsed,  struggled 
for  one  minute,  and  then  died  ;  about  4  dr. 
of  chloroform  in  an  inhaler. 

,,  19.  The  towel  was  removed,  but  the  patient  not 
being  insensible  it  was  again  applied  ;  after 
a  few  inspirations  the  pulse  ceased  and  the 
patient  died. 

,,  29.  "To  prevent  his  becoming  altogether  sensible 
I  commenced  to  give  him  a  little  more 
chloroform  ;  he  had  only  taken  two  or  three 
inspirations  when  his  breathing  ceased " 
(Snow,  "  On  Anaesthetics,'  p.  208). 

,,  32.  "  Insensibility  was  not  complete,  for  after  the 
incision  was  made  the  man  more  than  once 
said  a  cat  was  scratching  him  "  {Lancet,  1853, 
i.  p.  21). 

,,  37.  The  chloroform  was  removed  whilst  patient 
was  still  violent ;  having  quieted  down  he  was 
pulled  into  position  and  the  perineum  shaved ; 
he  died  suddenly  without  having  had  any 
more  chloroform. 

,,  58.  As  soon  as  the  patient  became  unconscious  the 
inhaler  was  removed,  and  acid  applied  to  some 
warts ;  she  moved  her  legs  as  though  recover- 
ing from  the  ansesthetio,  and  died  a  few 
minutes  later  ;  1  dr.  of  chloroform  in  the 
inhaler. 
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Analysis  of  109  Cases  ov  Dbaths  undeb  Chiobotosm— [continued). 

Cases  showiDg  dofi-  ...  ...     No.  78.  Chloroform   given    to  allay  maniacal  excite. 

nite    evidence  of  ment;  "great  excitement  and  struggling." 

light  anesthesia,  ,,    81.  Operation  ended,  chloroform  removed ;  a  moan 

but    not    so    de-  was  heard ;  patient  died, 

scribed     bv     the  ,,87.  Chlorofonn  reapplied ;   stertor  appeared  whilst 

Committee -(con-  struggling  continued  ;   sponge  at  once  with- 

tinued)  drawn  ;   in  another  minute  full  stertor  came 

on  ;   pulse  ceased  ;   respiration  continued  for 
some  time. 
,,     95.  "  He  suddenly  raised  himself  in  bed,  and  the 

breathing  ceased." 
„    96.  Operation  commenced,   patient  slightly  con- 
scious ;   another  drachm  of  chloroform  was 
applied,   patient   took  one   inspiration,   and 
pulse  stopped. 
,,    99.  The  patient  moved  his  limb  slightly  and  more, 
chloroform  was  applied,  when   he  suddenly 
became  deathly  pale  and  his  pulse  cea.sed. 
Total  14     ...    •  ,,  106.  Seated  in  a  chair;   in  three  or  four  minutes 
"  the  spasms  which  precede  the  loss  of  sensi- 
bility   set    in,"   when    the  pupils  suddenly 
dilated,  and  no  pulse  could  be  felt. 

Cases  in  which  over-  No.  18.  Death  occurred  suddenly  after  the  administra- 

!  can  be  ex-  tion  was  discontinued;   1  dr.  of  chloroform 


eluded  °n  *  handkerchief. 

,,  25.  Induction  with  70  minims  of  CHClj  in  about 
seven  minutes;  insensibility  being  established 
the  further  administration  of  chloroform  was 
desisted  from  ;  the  respirations  were  then  un- 
embarrassed, the  pulse  regular  and  about  70, 
the  lips  florid  ;  the  scrotum  was  then  incised, 
blood  flowed  freely  at  first  but  almost  instan- 
taneously ceased ;  the  pulse  ceased  at  the 
same  moment. 

,,  26.  Chloroform  removed,  pupil  contracted,  con- 
junctiva slightly  red ;  operation  performed 
without  further  chloroform  ;  at  end  patient 
found  to  be  dead. 

,,  31.  Caustic  applied  when  insufficiently  insensible, 
a  little  more  chloroform  given  ;  caustic  again 
applied  without  further  chloroform  ;  death  on 
completion  of  application  of  caustic. 

,,  35.  Trismus  preceded  cardiac  failure  ;  death  after 
,  less  than  five  minutes'  inhalation. 

,,  36.  1  dr.  of  CHCl,  inhaled  from  a  sponge  held  over 
the  nostrils,  the  mouth  being  left  free  ;  the 
patient  died  on  the  first  incision  after  inhaling 
in  this  way  for  four  minutes  only. 

.,  39.  The  inhaler  was  removed  and  patient  drawn 
into  (lithotomy  ?)  position  when  the  pulse  was 
noted  to  be  weak  and  fluttering,  the  pupils 
of  medium  size ;  the  respirations  gradually 
ceased. 
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Analysis  of  109  Cases  of  Deaths  under  Chlorofohm — {conHniud). 


Cases  in  which  over- 
dosage can  be  ex- 
cluded —  (con- 
tiniud) 


No.  41.  Operation  for  lipoma  of  the  back,  patient  sitting 
up ;  1  dr.  of  CHCl,  given  ;  the  patient  fell 
forward  on  the  incisions  being  made  and  was 
found  to  be  dead. 
,,  42.  1  dr.  of  CHClj  inhaled  from  a  sponge  for  five 
minutes ;  a  second  drachm  was  then  added, 
when  pulse  stopped  almost  immediately  after ; 
the  pupils  were  not  dilated  before  death.     ' 

„  43.  "Symptoms  of  ^  anaesthesia"  were  obtained 
after  two  minutes'  inhalation  with  consider- 
able struggling  ;  patient  then  drawn  to  the 
side  of  the  bed  and  an  assistant  directed  to 
put  "  several  drops  of  chloroform  on  the  com- 
press "  ;  pulse  ceased  suddenly  on  performing 
a  short  operation  ;  breathing  continued  ;  the 
compress  had  been  removed  several  seconds 
before  the  pulse  failed. 

,,  44.  Chloroform  administered  with  "  more  than 
usual  precaution  "  ;  forty  minutes  taken  to 
induce  "  conclusive  signs  of  the  satisfactory 
action  of  the  chloroform  "  ;  the  pulse  stopped 
suddenly  just  before  the  operation  was  com- 
menced. 

,,  47.  Pulse  failed  suddenly  on  reduction  of  disloca- 
tion ;  the  respirations  continued ;  during  a 
temporary  recovery  of  the  heart  the  patient 
extended  his  arms,  and  appeared  to  reply  to 
(juestions  ;  secondary  collapse  then  occurred 
and  death. 

,,  51.  Duration  of  inhalation  about  three  minutes, 
"  insensibility  just  fully  established,"  when 
the  pulse  failed  suddenly  ;  2  dr.  of  chloroform 
on  lint. 

,,  57.  Patient  partially  recovered  after  two  minutes 
without  chloroform  ;  another  half  a  drachm 
poured  on  lint  and  applied  to  the  nostrils, 
which  was  said  to  produce  full  ansesthesia  ; 
respirations  well  sustained  ;  pulse  frequent 
and  feeble  ;  chloroform  again  taken  away,  after 
which  pulse  ceased,  and  respirations  shortly 
after  ;  operation  not  begun. 

,,  03.  After  operation  ;  chloroform  bad  been  removed  ; 
pulse  and  respiration  regular ;  pulse  stopped 
suddenly  a  little  later. 

,,  71.  Inhaler  removed,  and  then  incision  made;  pulse 
fluttered  and  ceased  ;  IJ  dr.  of  chloroform  in 
inhaler. 

,,  75.  Dislocation  reduced  ;  chloroform  removed  ;  face 
became  congested  ;  respiration  failed  and 
stopped  ;  no  pulse. 

,,  80.  Chloroform  wholly  suspended  "when  excite- 
ment subsided  "  ;  orbicular  reacted  distinctly 
though  sluggishly  ;  pulse  full  and  reRular  ; 
death  whilst  arranging  patient  in  position. 
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Analysis  of  109  Cases  op  Deaths  undeb  Crloboforu — {continued). 


Cases  in  which  over- 
dosage can  be  ex- 
cluded  —  (con- 
tinued) 


Total  24 


Cases  in  which  over-        Total    G 
dose  was  improb- 
ahle 

Cases  in  which   no        Total    7 
opinion    can     be 
expressed    as    to 
the  depth  of  anaes- 
thesia 


No.  82.  1  dr.  of  chloroform  in  inhaler ;  death  on  com- 
mencing operation. 

„  85.  Sudden  syncope  two  minutes  after  removing 
the  chloroform,  whilst  introducing  a  catheter. 

,,  88.  Sudden  pallor  and  death  at  least  two  minutes 
after  removing  the  inhaler. 

,,  94.  Administration  stopped  after  four  minutes' in- 
halation, pulse  ceased  twenty  seconds  later, 
respiration  continued. 

,,  97.  1 J  dr.  of  chloroform  administered  "with  great 
precaution  "  in  an  inhaler;  death  twenty 
minutes  from  commencement  ;  operation 
completed. 

,,  105.  Operation  for  fistula  begun  and  completed  after 
cessation  of  administration  ;  breathing  ceased 
three  minutes  later. 

Nos.  10,  21,  27,  48,  64,  104. 


Nob.  12,  50,  70,  76,  79,  86,  98. 


Grand  Total  109 
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